Objective: To describe the prevalence and causes of low vision and blindness in a Malay population.
V ISUAL IMPAIRMENT AFfects an estimated 161 million people, of whom 37 million are blind. 1 Asia is the world's most populous continent, comprising many ethnically diverse countries at different stages of economic development. Consequently, ethnicity-specific populationbased studies in different countries are required to accurately estimate the burden of visual impairment in Asia. 2 Data from such studies are critical for planning and development of low-vision prevention and rehabilitation programs. 3 In recent years, there have been several population-based eye studies conducted in Southeast Asia, mostly among the Chinese and Indian populations, 2 of 3 large racial groups in this region. [4] [5] [6] However, there are fewer precise epidemiological data about the Malay population, the third-largest Asian racial group. In Southeast Asia, the World Health Organization (WHO) estimates that there are 45 million with visual impairment, of whom 12 million are blind. 1 There are an estimated 300 million to 400 million Malays currently residing in Southeast Asia. 7 To address this gap in knowledge, we conducted a comprehensive, populationbased study of Malay adults aged 40 to 79 years in Singapore between August 16, 2004, and July 10, 2006 . This is the primary report from this study, which will provide data on the prevalence and causes of low vision and blindness in this racial group.
METHODS

STUDY DESIGN AND PROCEDURE
The Singapore Malay Eye Study (SiMES) is a population-based, cross-sectional study of 3280 Malay adults aged from 40 to 79 years. The study adhered to the Declaration of Helsinki, and ethics approval was obtained from the Singapore Eye Research Institute Institutional Review Board. Details of the SiMES design, sampling plan, and methods have been reported elsewhere. 8 In brief, an age-stratified random sampling of all Malay adults residing in the south-western part of Singapore was performed, and 1400 names from each decade of age (40-49, 50-59, 60-69, and 70-79 years), or 5600 names, were selected. Of these, 4168 individuals (74.4%) were determined to be eligible to participate. A person was considered ineligible if he or she had moved from the residential address, had not lived there in the past 6 months, was deceased, or was terminally ill. Of the 4168 eligible individuals, 3280 participants (78.7%) took part in the study. Of the nonparticipants, 831 (93.6%) declined to participate and 57 (6.4%) were not contactable. Nonparticipants tended to be in the older age group (70-79 years) compared with participants, but there were few differences in sex, sampling location, and telephone ownership between the 2 groups (data not shown).
VISUAL ACUITY TESTING
At the study clinic, participants underwent an extensive and standardized examination procedure, which included visual acuity (VA) testing, a detailed clinical slitlamp and fundus examination before and after pupil dilation, and ocular imaging of the lens and retina. For each eye, the presenting VA, ascertained with the participant wearing their "walk-in" optical correction (ie, spectacles or contact lenses), if applicable, and bestcorrected VA, in which refraction was corrected by certified study optometrists, were obtained. The VA was measured using a logarithm of the minimum angle of resolution (logMAR) number chart (Lighthouse International, New York, New York) at a distance of 4 m. If no numbers were read at 4 m, the participant was moved to 3, 2, or 1 m, consecutively. If no numbers were identified on the chart, VA was assessed as counting fingers, hand movements, perception of light, or no perception of light. Primary causes of low vision or blindness were assessed by the study ophthalmologists (T.Y.W., M.R., J.-L.L., S.S., and S.-C.L.), based on the clinical history and examination. Main causes were determined by the examining ophthalmologist's clinical judgment, according to definitions specified in the study protocol. Cataract was regarded as the main cause of visual impairment if the fundus was obscured by lens changes or if there was no evidence of fundal abnormalities in eyes with significant cataract. Undercorrected refractive error was defined as an improvement of at least 0.2 logMAR (equivalent to 2 lines) in the bestcorrected VA in the better eye compared with the presenting VA.
Glaucoma was diagnosed and classified using the International Society of Geographical and Epidemiological Ophthalmology scheme, based on gonioscopy, optic disc characteristics, and/or visual fields results. 9 Age-related macular degeneration was graded from retinal photographs according to the Wisconsin Age-Related Maculopathy Grading System. 10 Diabetic retinopathy was graded from retinal photographs according to a modification of the Arlie House classification system as used in the Early Treatment Diabetic Retinopathy Study. 11 At study completion, all primary causes of low vision and blindness were categorized by the senior investigator (T.Y.W.) following a review of the study charts and, if necessary, ocular imaging data.
DEFINITION OF LOW VISION AND BLINDNESS
We used 2 definitions of visual impairment, the US and the modified WHO ones. Similar to most large population-based studies, for practical reasons, VA criteria only were used to define visual impairment in our study. Hence, it is possible that the prevalence of visual impairment in our study may be underestimated. 3 The US definition of visual impairment defines blindness as a VA of 20/200 or worse in the better seeing eye (logMAR, Ն1.00) and low vision as VA worse than 20/40 but better than 20/200 in the better seeing eye (logMAR, Ͼ0.30 to Ͻ1.00). 12 The WHO definition of visual impairment defines blindness as a VA worse than 20/400 in the better seeing eye (logMAR, Ͼ1.30) and low vision as VA worse than 20/60 but better than or equal to 20/400 in the better seeing eye (logMAR, Ͼ0.48 to Յ1.30). 13 However, because the maximum logMAR value collected in our study was 1.08, with subsequent VA assessed as counting fingers, hand movement, or presence or absence of light perception, we estimated the prevalence of visual impairment using a modification of the WHO definition in which we classified persons with VA of counting fingers or worse as blind.
In addition to defining visual impairment in terms of the better seeing eye (bilateral visual impairment), we also presented data in terms of the worse seeing eye, in which the other eye has normal vision, to provide further insight into unilateral visual impairment.
These categorizations resulted in 6 mutually exclusive categories of unilateral and bilateral visual impairment as follows: (1) blindness in both eyes, (2) blindness in 1 eye and low vision in the other eye, (3) low vision in both eyes, (4) blindness in 1 eye and normal vision in the other eye, (5) low vision in 1 eye and normal vision in the other eye, and (6) normal vision in both eyes.
STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS statistical software, version 13 (SPSS Inc, Chicago, Illinois). Differences in prevalence between age and sex groups were analyzed using a 2 test. Prevalence estimates and 95% confidence intervals (CIs) of visual impairment or blindness were performed in age-and sexstratified groups and for the overall population, adjusted to the Malay population using data from the 2000 Singapore Census.
RESULTS
The VA data were available from 3269 participants. Figure 1 shows the crude prevalence of visual impairment (US definition) in our study based on presenting and best-corrected VA. Among 3271 Malay adults, 46.3% presented with some degree of visual impairment, 1.8% were blind bilaterally, 24.1% had low vision in 1 eye with low vision or blindness in the other eye (bilateral low vision), and 20.4% had unilateral visual impairment. Following best correction, 18.8% of our study population had some degree of visual impairment, and 0.7% were blind bilaterally, 8.0% had low vision in 1 eye with low vision or blindness in the other eye, and 10.1% had unilateral visual impairment. Table 1 and Table 2 detail the prevalence of presenting and best-corrected VA by age and sex according to the US and modified WHO definitions. The agestandardized prevalence (US definition), weighted to the Singapore Malay adult population in 2000, suggests that 8.8% (95% CI, 8.7%-9.0%) of the Singaporean Malay population has some degree of visual impairment (Table 1) ; 0.3% (95% CI, 0.2%-0.3%) were blind bilaterally, 4.4% (4.3%-4.5%) had low vision in 1 eye plus low vision or blindness in the other eye, and 4.2% (4.1%-4.3%) had unilateral visual impairment. 
Bilateral
Blindness in both eyes
Age range, y 40-49 Following best correction (Table 2) , the populationweighted prevalence indicates that 2.6% (95% CI, 2.5%-2.7%) of the Malay population has some degree of visual impairment; 0.08% (0.06%-0.09%) were blind bilaterally, 1.0% (1.0%-1.1%) had low vision in 1 eye plus low vision or blindness in the other eye, and 1.5% (1.4%-1.5%) had unilateral visual impairment. Overall, prevalence of visual impairment increased with age (PϽ.001) and the prevalence of visual impair-ment was slightly higher among women than men (PϽ.001).
The age-standardized prevalence using the modified WHO definition is presented in Tables 1 and 2 . lateral blindness, unilateral blindness, and blindness in 1 eye with low vision in the other eye, whereas undercorrected refractive error accounted for the largest proportion of presenting VA among participants with low vision in both eyes and unilateral low vision. Following refractive correction, cataract remained the leading cause of unilateral and bilateral visual impairment (72.1%). Diabetic retinopathy (5.1%), age-related macular degeneration (3.8%), and glaucoma (2.9%) were the next 3 leading causes of visual impairment using best-corrected VA.
CAUSES OF VISUAL IMPAIRMENT
Other contributing causes of visual impairment included posterior capsular opacification, macular holes, corneal scars, and amblyopia.
COMMENT
Malay people are the third largest racial group in Asia, and approximately 300 million to 400 million Malays reside in Southeast Asia alone. 7 There are few precise data on the prevalence and causes of visual impairment in this ethnic group. 2, [14] [15] [16] [17] In this population-based survey of 3280 Malay adults in Singapore, we found that unilateral and bilateral visual impairment (presenting VA) affects approximately 8.8% of the Singaporean Malay population aged 40 to 79 years (age-standardized to Singapore Census results). This age-standardized unilateral and bilateral visual impairment prevalence falls to 2.6% after refractive correction, and undercorrected refractive error accounted for a large proportion (69.2%) of visual impairment at presentation. Similar to other studies, 15, 17, 18 we found a higher prevalence of unilateral and bilateral visual impairment with every decade increase of age, and women had a higher prevalence of bilateral visual impairment than men. The population-weighted prevalence of bilateral blindness based on best-corrected VA was 0.08%, and bilateral low vision (ie, low vision in 1 eye with low vision or blindness in the other eye) was 1.0%. Compared with other studies in Asia ( Table 3) , our study had the lowest prevalence of visual impairment within the various age-specific strata. Of note, our rates were lower compared with another Singaporean study of similarly aged Chinese adults conducted about 10 years earlier. 19 Although the reason for lower prevalence rates is not immediately apparent, this could be owing to changing trends, socioeconomic development, and accessibility to eye health that has occurred in the past 10 years. Malays are of a distinct lineage and have inhabited Southeast Asia for at least 45 000 years. 22 Our findings suggest that racial variation in eye diseases may be present. Such racial variations also have been noted in other studies in which Malay Singaporeans, have lower rates of angle-closure glaucoma, 23 myopia, 24 retinal detachment, 25 and diabetes mellitus 26 than Chinese Singaporeans. The National Eye Survey 15 conducted in Malaysia, in which 54% of participants were ethnic Malays, revealed higher rates of bilateral low vision and blindness (using best-corrected VA), compared with our study. We were unable to compare our findings with those of other published Southeast Asian studies from Malaysia because age-strata specific prevalence rates were not reported. 14, 16 However, these stud-ies were small, with approximately 300 participants in their surveys. In another study conducted in rural Indonesia, participants belonged to a different age group and were aged 21 years and older. Comparing only participants aged 40 to 49 years with our urban study, the prevalence rates were higher in rural Sumatra (Table 3 ). 17 In our study, the main causes of visual impairment based on presenting VA were undercorrected refractive error and cataract. Following refractive correction, cataract was the main cause of visual impairment, accounting for 72.1% of unilateral and bilateral visual impairment, 66.3% of bilateral blindness, and 84.7% of bilateral low vision. Diabetic retinopathy, age-related macular degeneration, and glaucoma were the next 3 leading causes of visual impairment, based on best-corrected VA. These findings highlight several important features of the epidemiological characteristics of visual impairment in this population. First, undercorrected refractive error continues to be a significant problem in many countries. The underrepresentation of this error in the prevalence of visual impairment, traditionally defined as "bestcorrected vision," is now recognized by the WHO, which has made changes in the definition of visual impairment in the next International Statistical Classification of Diseases, Injuries and Causes of Death revision to include presenting VA criteria. 1 The effect of undercorrected refractive error is similarly reflected in a recently published survey of visual impairment in the United States, in which it is estimated that 83.3% of participants with visual impairment could achieve good VA with correction 27 ; similar results were again found in other Asian countries such as India and Malaysia. 15, 28 Second, our study shows again that cataract blindness remains a major burden in many populations, even in Singapore, which has easily accessible cataract surgical facilities throughout the country. 29 A survey performed between 1991 and 1996 in Singapore found racial variations in extraction rates. In Singapore, the mean rate was 356.4 cataract operations per 100 000 persons per year, and Malays had the lowest extraction rate at 237.2 per 100 000 persons per year. 29 This study suggested that Malays may either have lower risk of cataract or a higher symptom threshold before seeking medical treatment. Reasons for the low extraction rate should be formally investigated so that further interventions and public education measures can be introduced.
Finally, the top 5 causes of visual impairment, not just among urban Malays in Singapore but also in other Asian countries, are comparable to data from Western nations. 1, 30, 31 However, there are notable differences. In the Tanjong Pagar Survey of Chinese Singaporeans, glaucoma was the leading cause of unilateral (34%) and bilateral (60%) blindness. 19 In contrast, the Malaysia National Eye Survey found glaucoma to be the fifth leading cause of bilateral blindness and low vision, accounting for only 1.8% for each category. 15 Similarly, in a small survey of 311 participants in rural Malaysia, glaucoma accounted for only 0.6% of visual impairment. 14 Epidemiological data on glaucoma in Malays is lacking, 32 but we showed that glaucoma contributed to only 2.9% of the causes of visual impairment after best correction. This may suggest ethnic/genetic variations in the prevalence ( and risk factors of glaucoma between Chinese and Malay people. Further analysis of our study may provide a greater understanding of such reasons. Another difference is the percentage of visual impairment attributable to age-related macular degeneration compared with white populations. In the Salisbury Eye Evaluation Study, agerelated macular degeneration was the major cause of visual impairment among whites, accounting for 70% of blindness and 33% of low vision, 33 a stark contrast to the 4% seen in our Malay population. Further research to understand the underlying reasons, such as agerelated macular degeneration prevalence studies in Malays, should be conducted.
Our findings have important public health implications. Undercorrection of refraction and cataract are easily correctable and avoidable causes of visual impairment and have been shown to significantly affect quality of life, with substantial direct and indirect costs to the community. [34] [35] [36] With 69.2% of unilateral and bilateral visual impairment based on presenting VA attributable to undercorrected refractive error and a large proportion of bilateral visual impairment attributable to cataract, further studies are clearly needed to evaluate the accessibility of, public awareness of, availability of, and barriers to eye care services. Such information can then be incorporated into public 
